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temperature is obtained 2-(p,p,p-trichloroethoxycarbony- 
l)amino-4-formylthiazole as a crystalline form. 5.0 g. Melt- 
ing point: 188°-190°C. 

Analysis-Calcd. for C 7 H 5 3 N 2 SC1 3 : C, 27.69; H, 1 .66; N, 
9.23. Found: C, 27.87; H, 1.69; N, 9.01. 

NMR (ppm, 100 MHz, CDCl 3 -d 6 DMSO); 5.05(2H,s, 
C1 3 CCH 2 — ), 8.05(lH,s,5-H), 9.80(lH,s,CHO) 

EXAMPLE 16 

To a mixture of 1.0 g. of 2-(p,p,p-trichloroethoxycarbo- 
nyl)amino-4-formylthiazole, 0.87 g. of KH 2 P0 4 , 6 ml. of 
water and 4 ml. of dimethylformamide is added 0.33 g. of 
KCN at room temperature and the mixture is stirred for 30 
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ythiazol-4-yl)acetate. Melting point: 54°-55° C. 

Analysis-Calcd. for C 9 H 12 4 N 2 S: C, 44.25; H, 4.95; N, 
11.47. Found: C, 44.54; H, 5.04; N, 11.53. 

NMR(ppm, 100 MHz, CDC1 3 ): 6.33(lH,s,5-H). 

EXAMPLE 20 

To a solution of 10 g. of ethyl a-ethoxyimino-(2-hydrox- 
ythiazol-4-yl)acetate in 30 ml. of ethanol is added a solution 
of 11.47 g. of KOH in 50 ml. of water at room temperature 
and the mixture is stirred for 25 minutes. The reaction 
mixture is condensed under reduced pressure and is made 
acidic with 10% aq. HC1. Ethyl acetate extract of the 
reaction mixture is extracted with 10% aq.NHC0 3 . The 



minutes. The reaction mixture is extracted with ethyl acetate 15 aqueous layer is then made acidic with 10% aq.HCl and 



and the ethyl acetate layer is washed with water and dried. 
Evaporation of ethyl acetate gives a-hydroxy-[2-(p,p,p- 
trichloroethoxycarbonyl)aminothiazol-4-yl]acetonitrile 
1.127 g. 

NMR (ppm, 100 MHz, CDC1 3 ): 4.90(2H,s,Cl 3 CCH 2 — ), 
5.70 (lH,s,— CHCN), 7.90(lH,s,5H). 

EXAMPLE 17 
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To a solution of 1.10 g. of a-hydroxy-[2-(P,p,p-trichlo 
roethoxycarbonyl)aminothiazol-4-yl]acetonitrile in 1 ml. of 
pyridine is added 2.5 ml. of acetic anhydride under ice- 
cooling and the mixture is stirred for 1 hour. To the mixture 
is added ether and water and the organic layer is washed with 
aq. NaHC0 3 and further water in this order. Evaporation of 30 
ether gives a-acetoxy-[2-(p,p,p-trichloroethoxycarbony- 
l)aminothiazol-4-yl]acetonitrile. 1.3 g. 

NMR(ppm, 100 MHz, CDC1 3 ): 2.20(3H,s,COCH 3 ), 
5.00(2H,s, C1 3 CCH 2 — ), 6.60(lH,s, >CHCN), 7.30(lH,s,5- 
H). 
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EXAMPLE 18 

To a solution of 1.30 g. of a-acetoxy-[2-(p,p,p-trichloro- 
ethoxycarbonyl)aminothiazol-4-yl]acetonitrile in 10 ml. of 40 
methanol is bubbled gaseous hydrochloric acid for 10 min- 
utes under ice-cooling, and the mixture is kept standing at 
room temperature for 1 hour. After evaporation of methanol 
is added 40 ml. of 50% aq. methanol to the residue and 
stirred for 1 hour. To this reaction mixture is added 1.0 g. of 45 
NaOH and stirred for 1 hour. Methanol is removed under 
reduced pressure and the residue is extracted with ethyl 
acetate after being made acidic with N — HCL Ethyl acetate 
layer is washed with water and dried. Ethyl acetate is 
removed under reduced pressure to obtain cc~hydroxy-[2-(p, 50 
p,p-trichloroethoxycarbonyl)amino]thiazol-4-yl acetic acid. 
0.996 g. Melting point: 135°-136° C. 

Analysis-Calcd. for C 8 H 7 5 N 2 SC1 3 : C, 27.48; H 2.02; N, 
8.01. Found: C, 27.72; H, 2.05; N, 8.08. 

NMR(ppm, 100 MHz, CDC1 3 ): 4.90(2H,s,Cl 3 CCH 2 — ), 55 
5.40(lH,s, >CH— COOH), 7.10(lH,s,5-H). 

EXAMPLE 19 

To a solution of 21.43 g. of ethyl a-ethoxyimino-p-oxo- 60 
y-bromobutyrate in 80 ml. of ethanol is added 8.81 g. of 
methylthionocarbamate and the mixture is heated under 
reflux for 1.5 hours. After cooling ethanol is removed under 
reduced pressure and the oily residue is dissolved in chlo- 
roform. The chloroform solution is washed, dried, and 65 
condensed. The condensate is purified by silica gel chroma- 
tography to give 11.9 g. of ethyl a-ethoxyimino-(2-hydrox- 



extracted again with ethyl acetate. From the ethyl acetate 
extract, after being washed, dried and condensed is obtained 
a crystalline substance. Recrystallization from benzene- 
ethanol gives a-ethoxyimino-(2-hydroxythiazol-4-yl)acetic 
acid. 7.5 g. Melting point: 131.5° C. (dec). 

Analysis-Calcd. for C 7 H 8 4 N 2 S: C, 38.88; H, 3.72; N, 
12.95. Found: C, 38.65; H, 3.85; N, 13.06. 

NMR(ppm, 100 MHz, d 6 -DMSO); 6.64(lH,s,5-H). 

EXAMPLE 21 

To a mixture of 1 g. of a-ethoxyimino-(2-hydroxythiazol- 
4-yl)acetic acid, 10 ml. of 50% aq. formic acid and 5 ml. of 
methanol is added gradually 0.9 g. of zinc dust under 
ice-cooling. The mixture is stirred for 1 hour at this state and 
then for 30 minutes at room temperature. The reaction 
mixture is filtered and the filtrate is passed through a column 
packed with ion-exchange resin [Amberlite IR- 120(H)] to 
give purified 2-hydroxythiazol-4-ylglycine. 

Analysis-Calcd. for C 5 H 6 3 N 2 S: N, 16.08. Found: N, 
15.96 

NMR(ppm, 100 MHz, CF 3 COOD): 5.56(lH,s, >C 
H— COOH), 6.91 (lH,s,5-H). 

EXAMPLE 22 

To a mixture of 40 ml. of C.HC1 and 100 ml. of water is 
dissolved under ice-cooling 8.8 g. of ethyl a-oxyimino-(2- 
aminothiazol-4-yl)acetate. A solution of 2.8 g. of NaN0 2 in 
20 ml. of water is added dropwise to this solution in a period 
of 20 minutes. After being stirred for 2.5 hours under 
ice-cooling the reaction mixture is extracted with 200 ml. of 
ethyl acetate. The extract is washed with water and dehy- 
drated. The ethyl acetate is distilled off and the resultant oil 
is purified by silica gel chromatography to give ethyl a-oxy- 
imino-(2-hydroxythiazol-4-yl)acetate. 

NMR(ppm, 100 MHz, CDC1 3 ): 1.37(3H,t,CH 2 C|^), 
4.36(2H,q, CH^CTy, 8.02(lH,s,5-H). 

EXAMPLE 23 

To a solution of 1.3 g. of ethyl a-oxyimino-(2-hydrox- 
ythiazol-4-yl)acetate in 5 ml. of ethanol is added under 
ice-cooling 30 ml. of 50% aq. formic acid. Zinc dust (1.17 
g.) is added gradually to this solution in a period of 5 
minutes under stirring. The reaction mixture is stirred for 2 
hours under ice-cooling and filtered. The filtrate is con- 
densed under reduced pressure and the residue is poured into 
10 ml. of water. The water layer is neutralized with 10% aq. 
NaHC0 3 and then extracted with ethyl acetate. The extract 
is washed with water and dehydrated. The ethyl acetate is 
distilled off and the resultant oil is purified by silica gel 
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chromatography to give ethyl 2-hydroxythiazol-4-ylglycine. 

NMR (ppm, 100 MHz, CDC1 3 ): 1.22(3H,t — CH 2 CH 3 ), 

4.27(2H,q, — CH2CH3), 465(lH,s, >CH--COOC 2 H 5 ), 

7.14(lH,s,5-H). 

The ester is acylated with p,p,P-trichloro ethyl chlorofor- 

mate in CH 2 C1 2 in the presence of triethylamine to give ethyl 

a-(p,p,P-trichloroethoxycarbonylamino)-(2-hydroxythia- 
zol-4-yl)acetate. 

Analysis-Calcd. forCioHnOsN^C^: N, 7.41; Found: N, 
7.39 

NMR(ppm, 100 MHz, CDC1 3 ): 1 .26(3H,t,—CH 2 CH 3 ), 
4.22(2H,q, — CE^CH 3 ), 4.70(2H,s,Cl 3 CCH 2 ), 5.42(lH,d, 
>CH—COOC 2 H 5 ), 7.24(lH,s,5-H). 

EXAMPLE 24 

To a solution of 1.93 g. of ethyl a-oxyimino-p-oxo-y- 
chlorobutyrate in 10 ml. of ethanol is added 1.27 g. of 
ethylthionocarbamate and the mixture is heated for 2 hours 
under reflux. After cooling ethanol is evaporated then the 
remaining oily substance is purified by means of silica gel 
chromatography to give ethyl a-oxyimino-(2-hydroxythia- 
zol-4-yl)acetate. The ester is identical with the substance 
obtained in Example 22 in all respects. 

EXAMPLE 25 

To a solution of 2.65 g. of ethyl a-acetamido-P-oxo-y- 
bromobutyrate in 10 ml. of ethanol is added 1.09 g. of 
methylthionocarbamate. The mixture is heated for 1.5 hours 
under reflux and concentrated under reduced pressure. The 
concentrate is dissolved in chloroform. The chloroform 
layer is washed, dried and concentrated to give ethyl oc-ac- 
etamido-(2-hydroxythiazol-4-yl)acetate as oily material. 
This ester (2.0 g.) is dissolved in 10 ml, of methanol and to 
this is added a solution of 3.09 g. of Ba(OH) 2 .8H 2 in 50 ml. 
of water and the whole mixture is stirred at 70° C. for 3 
hours. After cooling, gaseous C0 2 is bubbled into the 
reaction mixture to cause precipitation of BaC0 3 .BaC0 3 
thus precipitated is filtered off and the filtrate is passed 
through a column packed with ion-exchange resin [Amber- 
lite IR- 120(H)] to give purified 2~hydroxythiazol-4-ylgly- 
cine. This substance is identical with the sample obtained in 
Example 21 in all respects. 

EXAMPLE 26 

To a solution of 2.2 g. of ethyl a-methoxyimino-P-oxo- 
y-bromobutyrate in 40 ml. of ethanol are added 1.22 g. of 
dimethylaniline and 2.2 g. of N-(p,p,p-trichloroethoxycar- 
bonyl)thiourea. The mixture is heated for 1.5 hours under 
reflux and concentrated under reduced pressure. The con- 
centrate of the reaction mixture is recrystallized from ligroin 
to give ethyl a-methoxyimino-[2-(p,p,P-trichloroethoxycar- 
bonylamino)thiazol-4-yl]acetate as crystals. 1.84 g. Melting 
point: 125°~128° C. 

Analysis-Calcd. for C U H 12 5 N 3 SC1 3 : C, 32.65; H, 2.99; 
N, 10.38. Found: C, 32.81; H, 3.14; N, 10.19. 

NMR(ppm, 100 MHz, CDC1 3 ): 7.15(lH,s,5-H). 

EXAMPLE 27 

To a solution of 8.1 g. of ethyl a-methoxyimino-[2-(p,p, 
p-trichloroethoxycarbonylamino)thiazol-4~yl]acetate in 50 
ml. of ethanol is added a solution of 11.2 g. of KOH in a 
mixture of 30 ml. of water and 150 ml. of ethanol. The whole 
mixture is stirred at room temperature for 1 hour, and then 
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concentrated under reduced pressure. The residue is 
extracted with ethyl acetate. The water layer is made acidic 
with 10% aq. HC1 and the separated solid is collected. 
Recrystallization of the solid from aq. methanol gives 
a-methoxyimino-[2-(P,p,p-trichloroethoxycarbonylami- 
no)thiazol-4-yl]acetic acid. 4.1 g. Melting point: 162°-163° 
C. 

Analysis-Calcd. for C 9 H 8 5 N 3 SC1 6 : C, 28.70; H, 2.14; N, 
11.16. Found: C, 28.64; H, 2.11; N, 11.06 

NMR (ppm, 100 MHz, CDC1 3 -h1 6 ~DMSO): 7.26(1H,s,5- 
H). 

EXAMPLE 28 

Ethyl a-methoxyimino-[2-(P,p,p-trichloroethoxycarbo- 
nylamino)thiazol-4-yl]acetate (2.02 g.) dissolved in 150 ml. 
of ethanol containing 10% HC1 is hydrogenated in the 
presence of 2.0 g. of 5% Pd/carbon. After 240 ml. of 
hydrogen is absorbed, the reaction mixture is filtered and the 
filtrate is condensed under reduced pressure. The residue is 
washed with ether and suspended in 70 ml. of ethyl acetate 
followed by the addition of 20 ml. of 5% aq. NaHC0 3 . The 
ethyl acetate layer is separated, washed, dried and con- 
densed to give [2-(P,p,P-trichloroethoxycarbonylami- 
no)thiazol-4-yl]glycine ethyl ester. 1.22 g. 

Analysis-Calcd. for C 10 H 12 4 N 3 SC1 3 : C, 31.89; H, 3.21; 
N, 11.16. Found: C, 31.91; H, 3.00; N, 10.63 

NMR(ppm, 100 MHz, CF 3 COOD): 5.82(lH,s, >C 
H— COOC 2 H 5 ), 7.74(lH,s,5-H). 

EXAMPLE 29 

(1) A solution of 19.3 g. of ethyl a-oxyimino-P-oxo-y- 
chlorobutyrate and 8.0 g. of thiourea in 200 ml. of ethanol 
is heated for 2 hours under reflux. The mixture is condensed 
under reduced pressure and the residue is dissolved in 10% 
aq. HC1. The solution is washed twice with ether to remove 
unreacted butyrate and is adjusted to pH 7.0-7.5 with 
NaHC0 3 . Chloroform extraction of the mixture gives ethyl 
a-oxyimino-2-aminothiazol-4-ylacetate. 6.4 g. Melting 
point: 137°-138° C. (dec). 

Analysis-Calcd. for C 7 H 9 3 N 3 S: C, 39.06; H, 4.21; N, 
19.52. Found: C, 39.64; H. 4.09; N, 19.62. 

IR(Nujol, cm" 1 ): 3430(C=NOH), 1710(ester) 

(2) Ethyl a-oxyimino-2-aminothiazol-4-yl-acetate (2.15 
g.) obtained in the foregoing part is dissolved in a mixture 
of 20 ml. of 50% aq. formic acid and 10 ml. of methanol. To 
this is added 1.5 g. of zinc dust and the mixture is stirred for 
3 hours under ice-cooling. The filtered reaction mixture is 
condensed under reduced pressure and the concentrate is 
passed through a column packed with ion-exchange resin 
[Amberlite IR- 120(H)] . The column is washed with water to 
remove formic acid and then is eluted with 10% aq. ammo- 
nia to give 2-aminothiazol-4-yl-glycine. 1.49 g. Recrystal- 
lization from aq. ethanol gives pure sample; Melting point: 
186°-190° C.(dec). 

Analysis-Calcd. for CsH^NgSyaHjO: 

C, 32.96; H, 4.43; N, 23.06, Found: C, 32.94; H, 4.61; N, 
22.22 

NMR(ppm, 100 MHz, CF 3 COOD): 5.25 (lH,s, >C 
H— COOH), 6.75 (lH,s,5-H). Violet color with Ninhydrin 
reagent. 

EXAMPLE 30 

A solution of 19.3 g. of thiourea and 53.5 g. of ethyl 
a-oxyimino-P-oxo-y-chlorobutyrate in 300 ml. of ethanol is 
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stirred for 3 hours at room temperature, and condensed 
under reduced pressure. Water (200 ml.) is added to the 
residue and the obtained aqueous solution is washed twice 
with ether. To this are added 130 ml. of 85% aq. formic acid 
and 150 ml. of ethanol. Under ice-cooling 37 g. of zinc dust 
is added gradually to this mixture and stirred for 3 hours at 
room temperature. 

The filtered reaction mixture is passed through a column 
packed with ion-exchange resin [Amberlite IR- 120(H)]. The 
column is washed with water and eluted with 10% aq. 
ammonia to give purified 2-aminothiazol-4-ylglycine (27.5 
g.) which is identical with the sample obtained in Example 
29 in all respects. 

EXAMPLE 31 

Ethyl a-oxyimino-2-aminothiazol-4-ylacetate hydrochlo- 
ride (503 mg.) is dissolved in 10 ml. of 50% aq. formic acid 
and 5 ml. of ethanol. Zinc dust (300 mg.) is added to this 
solution under ice-cooling and stirred for 3 hours. The 
reaction mixture is condensed under reduced pressure below 
30° C, and the residue is made pH 7.5 by adding 
IN — NaOH. Ethyl acetate extraction gives 2-aminothiazol- 
4-ylglycine ethyl ester. 130 mg. 

NMR(ppm, 60 MHz, CF 3 COOD): 1.04(3H,t,— CH 2 C 
H3), 4.18(2H,q, — CH2CH3), 5.35(lH,s, >C 
H— COOC 2 H 5 ), 6.90(lH,s,5-H). Mass: m/e 201,0549(theo- 
retical: 201,0571) 

EXAMPLE 32 
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To a solution of 26.6 g. of ethyl oc-acetamido-p-oxo-y- 
bromobutyrate in a mixture of 50 ml. of ethanol and 20 ml. 
of ether are added 9.14 g. of thiourea and 15 ml. of pyridine. 
The mixture is stirred for 1 hour at room temperature and 
then 4 hours under reflux. The reaction mixture is condensed 
under reduced pressure and 50 ml. of ethyl acetate is added 
to the residue. The mixture is extracted with 3N — HC1. The 
water layer thus separated is made pH 10 by adding 
IN — NaOH and extracted with ethyl acetate. 

The ethyl acetate extract is washed, dried and condensed. 
To this concentrate is added small quantity of chloroform to 
cause crystallization of ethyl a-acetamido-2-aminothiazol- 
4-ylacetate. 7.0 g. Melting point: 161.1° C. 

Analysis-Calcd. for C 9 H 13 3 N 3 S: C, 44.43; H, 5.39; N, 45 
17.27. Found: C, 44.46; H, 5.24; N, 16.99 

EXAMPLE 33 
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To a solution of 34.6 g. of ethyl a-acetamido-p-oxo-y- 
promobutyrate in a mixture of 50 ml. of ethanol and 20 ml. 
of ether are added 18.9 g. of N-acetylthiourea and 15 ml. of 
pyridine. The mixture is heated under reflux for 4 hours, and 
condensed under reduced pressure. The condensate is 
extracted with ethyl acetate and the extract is washed with 
5% aq. NaHC0 3 , then with water, and dried. The oily 
substance which is obtained from the extract by removal of 
the solvent is purified by silica gel chromatography to give 
ethyl a-acetamido-2-acetamidothiazol-4-ylacetate. 4.46 g. 
Melting point: 148.9°-150° C. 

Analysis-Calcd. for C u H 15 4 N 3 S.^H 2 0: C, 45.59; H, 
5.39; N, 14.50. Found: C, 45.73; H, 5.40; N, 14.21 

EXAMPLE 34 

To a solution of 2.5 1 g. of N-(p,p,p-trichloroethoxycar- 65 
bonyl)thiourea and 2.66 g. of ethyl a-acetamido-p-oxo-y- 
bromobutyrate in 50 ml. of ethanol is added 1.8 g. of 
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N,N-dimethylaniline. The mixture is stirred for 24 hours at 
room temperature, and condensed under reduced pressure. 
The residue is dissolved in 30 ml. chloroform and the 
solution is washed with 3N — NCI, water, and dried. The 
solid matter which is obtained by removal of chloroform is 
purified by silica gel chromatography to give ethyl a-aceta- 
mido-2-(p,p,p-trichloroethoxycarbonylarnino)thiazol-4- 
ylacetate. 1.43 g. Melting point: 161.9° C. 

Analysis-Calcd. for C 12 H 14 5 N 3 SCl 3 y2H 2 0: C, 33.70; 
H, 3.54; N, 9.82. Found: C, 33.69; H, 3.64; N, 10.06 

NMR(ppm, 100 MHz, d 6 -DMSO): 1.15(3H,t,— CH 2 C 
H3), 4.09(2H,q, — CH^CHg), 1.88(3H,s,COCH 3 ), 4.96(2H, 
s,Cl 3 CCH 2 ), 5.42(lH,d, >CHCOOC 2 H 5 ), 7.13(lH,s,5-H). 

EXAMPLE 35 

To a suspension of 100 mg. of ethyl a-acetamido-2-(p, 
p,P-trichloroethoxycarbonylamino)thiazol-4-ylacetate in 5 
ml of water is added 2 ml. of IN — NaOH and the mixture 
is stirred for 2 hours at room temperature. The reaction 
mixture is washed with ethyl acetate and the water layer is 
made pH 2.0 with 1N-HC1, and then extracted with ethyl 
acetate. The extract is washed, dried, and condensed to give 
N-acetyl-2-(p,p,p-trichloroethoxycarbonylamino)-thiazol- 
4-ylglycine. 65 mg. Melting point: 158.0° C. 

Analysis-Calcd. for C 10 H 10 O 5 N 3 SCl 3 y2H 2 O: 

C, 30.05; H, 2.77; N, 10.51. Found: C, 30.15; H, 2.52; N, 
10.23. 

NMR(ppm, 100 MHz, d 6 -DMSO): 1.89(3H,s,COCH 2 ), 
4.97(2H,s, C1 3 CCH 2 ), 5.40(lH,d, >CHCOOH), 7.10(lH,s, 
5-H). 

EXAMPLE 36 

To a solution of 238 mg. of ethyl a-oximino-p-oxo-y- 
bromobutyrate in 10 ml. of ethanol is added 251 mg. of 
N-(p,p,p-trichloroethoxycarbonyl)thiourea and the mixture 
is heated under reflux for 6 hours. After cooling, 50 ml. of 
chloroform is added and the organic solution is washed with 
water and dried over anhydrous magnesium sulfate. Evapo- 
ration of the solvent followed by chromatographic purifica- 
tion on silica gel affords 164 mg. of ethyl a-oximino-cc-[2- 
(p,p, p-tricMoroethoxycarbonylamino)thiazol-4-yl]acetate. 

Analysis-Calcd. for C 10 H 10 N 3 5 SC1 3 : C, 30.74; H, 2.58; 
N, 10.75; CI, 27.23. Found: C, 30.95; H, 2.51; N, 10.75; CI, 
27.02. 

NMR(ppm, 100 MHz, CDC1 3 ): 1.35(3H,t,CH3CH 2 ), 
4.36(2H,q, CH 3 CH 2 ), 4.87(2H,s,Cl 3 CCH 2 ), 7.94(lH,s,thia- 
zole ring proton). 

EXAMPLE 37 

A solution of 2.0 g. of ethyl a-oximino-a-(2-(p,p,p- 
trichloroethoxycarbonylamino)thiazol-4-yl)acetate in 50 ml. 
of 10% of HCl-ethanol is hydrogenated over 0.5 g. of 5% 
palladium-on charcoal under shaking. The reaction stops 
when 90 ml. of hydrogen is absorbed. Additional 1.5 g. of 
the catalyst is added and 170 ml. of hydrogen is absorbed. 
Insoluble material is filtered off and the filtrate is concen- 
trated under reduced pressure. The residue is washed with 
ether, and separated. The separated solid is dissolved in 5 ml. 
of water and neutralized with 10% sodium hydrogen car- 
bonate aq. solution, and then extracted with chloroform. The 
extract is washed with water, drying over anhydrous mag- 
nesium sulfate and subjected to the evaporation of the 
solvent. The resultant residue is followed by chromato- 
graphic purification on silica gel column to afford 560 mg. 
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of 2-(P J P,P-trlchloroethoxycarbonylamino)thiazol-4-ylgly- 
cine ethyl ester. 

Analysis-Calcd. for C 10 H 12 N 3 4 SC1 3 : C, 31.89; H, 3.21; 
N, 11.16. Found: C, 31.91; H, 3.00; N, 10.63. 

NMR(ppm, 100 MHz, CF 3 C0 2 D): 1.37(3H,t,CH 3 CH 2 ), 
4.47(2H,q, CH 2 CH 3 ), 4.98(2H,s,Cl 3 CCH 2 ), 5.82(lH,s,CH), 
7.74 (lH,s,thiazole ring proton). 

EXAMPLE 38 

To a solution of 3.40 g. of 2-(P,P,P-trichloroethoxycar- 
bonylamino)thiazol-4-ylglycine ethyl ester in 50 ml. of 
chloroform are added gradually 1.2 g. of triethylamine and 
2.50 g. of P,p,P-trichloroethoxycarbonyl chloride under 
stirring at room temperature. After 30 minutes stirring, 100 
ml. of chloroform is added to the mixture and the obtained 
organic solution is washed with saturated NaCl aq. solution, 
lN-hydrochloric acid and then with water, and dried over 
anhydrous magnesium sulfate. After the evaporation of the 
solvent n-hexane is added to the residue to afford crude 
product. The crude product is recrystallized from a mixture 
of ligroin and n-hexane to give 4.11 g. of 2-(P,p,p-trichlo- 
roethoxycarbonylamino)thiazol-4-yl-N-(P, P,p-trichloroet- 
hoxycarbonyl)glycine ethyl ester. Yield 82%. 

Analysis-Calcd. for C 13 H 13 N 3 6 SC1 6 : C, 28.28; H, 2.37; 
N, 7.61. Found: C, 28.39; H, 2.38; N, 7.71 

NMR(ppm, 100 MHz, CDC1 3 ): 1.21(3H,t,CH 3 CH 2 ), 
4.60(2H,q, CHgCH^, 4.83 and 4.86(4H,two s, C1 3 CCH 2 ), 
5.60(lH,d, CH), 6.98(lH,s,thiazole ring proton), 7.38(1H, 
d,oc— NH). 

EXAMPLE 39 

To a solution of 3.82 g. of 2-(p,p,P-trichloroethoxycar- 
bonylamino)thiazol-4-yl-N-(P,p,p-trichloroethoxycarbon- 
yl)glycine ethyl ester in 150 ml. of ethanol is added a 
solution of 1.94 g. of potassium hydroxide in 10 ml. of water 
while stirring at roomtemperature. After 30 minutes stirring, 
the solution is concentrated under reduced pressure and 50 
ml. of water is added to the residue. The aqueous solution is 
washed with ethyl acetate, adjusted to pH 2.0 with lN-hy- 
drochloric acid and extracted twice each with 70 ml. of ethyl 
acetate. The combined extracts are washed with water, dried 
over anhydrous magnesium sulfate and concentrated under 
reduced pressure. n-Hexane is added to the residue to 
separate crude material. The crude material is recrystallized 
from a mixture of ethyl acetate and ligroin to afford 1.83 g. 
of 2-(p,p,p-trichloroethoxycarbonylamino)thiazol-4-yl-N- 
(P,P,P-trichloroethoxycarbonyl)glycine. Yield 50% 

NMR(ppm, 100 MHz, CDC1 3 ): 4.80(4H,s,Cl 3 CCH 2 ), 
4.65(lH,s, 2-NH), 5.48(lH,broad d, CH), 6.14(lH,broad 
d,cc — NH), 6.95(lH,s thiazole ring proton). 

EXAMPLE 40 

To a suspension of 3.46 g. of 2-aminothiazol-4-yl-glycine 
in 100 ml. of N,N-dimethylacetamide is added dropwise 
12.66 g. of p,p,P-trichloroethoxycarbonyl chloride while 
stirring for 30 minutes at room temperature. After further 30 
minutes stirring, 250 ml. of ethyl acetate is added to the 
reaction mixture and the resulting solution is washed with 70 
ml. of lN-hydrochloric acid. The ethyl acetate is separated 
and extracted 3 times with 50 ml. of 3% aq. potassium 
hydroxide solution. The combined aqueous extracts are 
washed with ethyl acetate, adjusted to pH 2.0 with lN-hy- 
drochloric acid and extracted 3 times each with 100 ml. of 
ethyl acetate. The combined extracts are washed with water, 
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dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. n-Hexane is added to the oily 
residue to precipitate crude material. Crude material is 
separated and recrystallized from a mixture of ethyl acetate 
5 and ligroin to afford 510 mg. of 2-(P,p,P-trichloroethoxy- 
carbonylamino)thiazol-4-yl-N-(P,p,P-trichloroethoxycarbo- 
nyl)glycine. This product is identical with the compound 
obtained in Example 39 in all respects. 

10 EXAMPLE 41 

To a suspension of 2.4 g. of 7-amino-3-(l-methyl-lH- 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid in 20 
ml. of dimethylacetamide is added 2.4 g. of a-hydroxy-2- 
(P,P,P-trichloroethoxycarbonylamino)thiazol-4-ylacetic 
acid cyclic carboxy anhydride (obtained by the procedure 
described in Example 4) and the mixture is stirred for 15 
hours at room temperature. Ethyl acetate (100 ml.) is added 
to the reaction mixture and filtered. The filtrate is extracted 
several times with 5% aq. NaHC0 3 . The combined extract 
is adjusted to pH 3.0 with 10% aq. HC1 and extracted with 
ethyl acetate. The ethyl acetate layer is washed with satu- 
rated aq. NaCl and dried. Evaporation of the solvent gives 
7P-{a-hydroxy-[2-(p,p,p-trichloroethoxycarbonylami- 
no)thiazol-4-yl]acetamido}-3-(l-methyl-lH-tetrazol-5- 
ylthiomethyl)-3-cephem-4-carboxylic acid (1.8 g.) as a jelly 
which is then dissolved in 100 ml. of 90% aq. formic acid 
under ice cooling. To this solution is added 1.8 g. of zinc dust 
and stirred for 1 hour under ice-cooling. The reaction 
mixture is filtered and condensed under reduced pressure. 
Water (100 ml.) is added to the condensate and H 2 S gas is 
bubbled into the aqueous solution to precipitate zinc sulfide. 
Zinc sulfide is filtered off and the filtrate is condensed under 
reduced pressure and the concentrate is dissolved in 5% aq. 
NaHC0 3 solution and the solution is passed through a 
column packed with polystyrene resin (Amberlite XAD-2) 
to give purified 7p-[a-hydroxy-a-(2-arninothiazol-4-yl)ac- 
etamido]-3-(l-methyl-lH-tetrazol-5-ylthiomethyl)-3- 
cephem-4-carboxylic acid sodium salt. 

4Q Analysis-Calcd. for C 15 H 15 5 N 8 S 3 Na.3H 2 0: C, 32.14; 
H, 3.78; N, 19.99. Found: C, 32.53; H, 3.77; N, 19.50. 

NMR(ppm, 100MHz,D 2 O): 3.71(2H,q,2-CH 2 ),4.14(3H, 
s,N~CH 3 ), 5.28(lH,s, >CH— CONH), 5.22(lH,d,6-H), 
5.75(lH,d,7-H), 6.84(lH,s,5-H). 
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EXAMPLE 42 

To a solution of 100.8 mg. of NaHC0 3 and 127.6 mg. of 
5-mercapto-l-methyl-lH-tetrazole in 10 ml. of water is 
added 486 mg. of sodium 7p-[a-hydroxy-(2-aminothiazol- 
4-yl)acetamido]cephalosporanate. The mixture is stirred at 
55° C. for 20 hours. After cooling the mixture is passed 
through a column packed with polystyrene resin (Amberlite 
XAD-2) to give purified sodium 7p-[a-hydroxy-(2-ami- 
nothiazol-4-yl)acetamido]-3-(l-methyl-lH-tetrazol-5-ylthi- 
omethyl)-3-cephem-4-carboxylate, which is identical with 
the sample obtained in Example 41 in all respects. 

EXAMPLE 43 



60 To a suspension of 781 mg. of a-ethoxyimino~[2-(P,p,p- 
trichloroethoxycarbonylamino)thiazol-4-yl] acetic acid in 15 
ml. of CH 2 C1 2 is added 625 mg. of phosphorus pentachlo- 
ride. The mixture is homogenized by stirring for 10 seconds. 
After stirring at room temperature for 1 hour, the solvent is 

65 removed under reduced pressure and the residue is dissolved 
in 10 ml. of acetone. On the other hand 7-amino-3-(l- 
methyl-lH-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic 
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acid (657 mg.) and NaHC0 3 (1.68 g.) are dissolved in a 
mixture of 20 ml. of water and 10 ml. of acetone. To this 
solution while ice-cooling, the foregoing acetone solution is 
added dropwise in a period of 30 minutes. After the drop- 
ping, the mixture is stirred at room temperature for 2 hours, 5 
and condensed under reduced pressure to remove acetone. 
The concentrate is washed with ethyl acetate, adjusted to pH 
2.0 with IN — HC1 and extracted with ethylacetate. The ethyl 
acetate extract is washed with water, dried over anhydrous 
magnesium sulfate and condensed to give 7p-{ct-ethoxy- 10 
imino-[2-(p,p,p-trichloroethoxycarbonylamino)thiazol-4- 
yl]acetamido}-3-(l-methyl-lH-tetrazol-5-ylthiomethyl)-3- 
cephem-4-carboxylic acid. 925 mg. Yield 660%. 

NMR(ppm, 100 MHz CF 3 COOD): 1 .50(3H,t,CH 2 CH 3 ), 
4.60(2H,q, — CH 2 CH 3 ), 3.85(2H,q,2-CH 2 ), 4.12(3H s,N— 15 
CH 3 ), 4.98 (2H,s,Cl 3 CCH 2 — ), 5.38(1H d,6-H), 6.02(lH,q, 
7-H), 7.91(lH,s,5-H). 

EXAMPLE 44 

Sodium 7p-{a-ethoxyimino-[2-(P,p,P-tricrnoroethoxy~ 20 
carbonylamino)thiazol-4-yl]acetamido}cephalosporanate 
(667 mg.) NaHC0 3 (90 mg.) and 5-mercapto-l -methyl- 1H- 
tetrazole (120 mg.) are dissolved to 20 ml. of water. The 
mixture is stirred at 60° C. for 8 hours and filtered. The 
filtrate is adjusted to pH 2.0 with IN — HC1 and the solid is 25 
separated. The separated solid is filtered, washed with water 
and dried over phosphorus pentachloride under reduced 
pressure to give 7P-{a-emoxyimino-[2-(P,p,p-trichloroet- 
hoxycarbonylamino)thiazol-4-yl]acetamido}-3-(l-methyl- 
1 H-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid. 30 
(238 mg.) which is identical with the sample obtained in 
Example 43 in all respects. 
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EXAMPLE 45 

To a suspension of 2.92 g of a-ethoxyimino-[2-(chloro- 
acetamido)thiazol-4-yl]acetic acid in 50 ml of methylene 
chloride is added 2.08 g of phosphorus pentachloride. The 
mixture is stirred for 2 hours at room temperature, after 
which time methylene chloride is distilled off and the redisue 
is dissolved in 30 ml of acetone. The acetone solution is 
added dropwise under ice-cooling in a period of 15 minutes, 
to the solution of 3.29 g of 7-amino-3-(l-methyl-lH-tetra- 
zol-5-ylthiomethyl)-3-cephem-4~carboxylic acid and 8.4 g 
of sodium bicarbonate dissolved in a mixture of 100 ml of 
water and 50 ml of acetone. After the addition has been 
completed, the obtained solution is stirred at room tempera- 
ture for 2 hours and concentrated under reduced pressure to 
remove acetone. The concentrate is washed with ethyl 
acetate and adjusted to pH 2.0 with 3N hydrochloric acid 
under ice-cooling, followed by extracting with ethyl acetate. 
The ethyl acetate layer is washed with water and dried over 
anhydrous magnesium sulfate, followed by distillation of the 
solvent to give 3.80 g of 7p-{a-ethoxyimino-[2-(chloroac- 
etamido)thiazol-4-yl]acetamido}-3-( 1 -methyl- 1 H-tetrazol- 
5-ylthiomethyl)-3-cephem-4-carboxylic acid. Yield 63.1%. 

NMR(ppm, 60 MHz, d 6 -DMS0): 1.34(3H,t, 
CH 3 CH 2 — ), 3.56(2H, broad S,2-CH 2 ), 3.95(3H,S,N— 
CH 3 ), 4.05^.50(4H,m, CH 3 CH 2 — and 3-CH 2 ), 4.24(2H,S, 
CICH^CO), 5.04(lH,d, 6-H), 5.70(lH,d,7-H), 7.82(1H,S, 60 
thiazole ring proton). 

IR(KBr,cnr x ): 1760(p-lactam), 1035(=N— O— C). 

EXAMPLE 46 

To a solution of 3.09 g of sodium 7p-{a-ethoxyimino- 65 
[2-(chloroacetamido)thiazol-4-yl]acetamido}-3-(l-methyl- 
lH-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylate in 50 
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ml of water is added 1.52 g of thiourea. The mixture is 
stirred at room temperature for 3 hours and adjusted to pH 
2.0 with IN hydrochloric acid. The resulting precipitates are 
filtered, washed with water and dried to obtain 2.40 g of 
7p-[a-ethoxyimino-(2-aminothiazol-4-yl)acetamido]-3-(l- 
methyl- 1 H-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic 
acid. Yield 73.1%. 

NMR(ppm, 60 MHz,d 6 -DMSO): 1.26(3H,t,CH 3 CH 2 — ), 
3.84(3H,S, N— CH 3 ), 3.90-4.40(4H,m,CH 3 CH2— and 
3-CH 2 ), 5.02(1H, d,6-H), 5.70(lH,d,7-H), 7.94(lH,S,thiaz- 
ole ring proton). 

IRtKB^cnT 1 ): 1770 P-lactam), 1030(=N— O— C). 

EXAMPLE 47 

2.0 g of 7p-[a-ethoxyimino-(2-aminothiazol-4-yl)aceta- 
mido]-3-(l-methyl-lH-tetrazol-5-ylthiomethyl)-3-cephem- 
4-carboxylic acid is dissolved in 50 ml of 90% formic acid. 
To the solution is added 2.48 g of zinc dust under stirring and 
cooling at the temperature of -10° C, and the mixture is 
further stirred for 15 minutes. After the reaction has been 
completed, the insoluble materials are filtered off. Into the 
filtrate is poured ether to precipitate white solid, which is 
centrifugally separated and washed three times with ether 
and dried (yield; 1.66 g). This white solid is dissolved in aq. 
solution of sodium bicarbonate. The solution is subjected to 
the purification using a column of Amberlite XAD-2 and the 
fractions eluted with water are lyophilized to obtain sodium 
7p-[(2-aminothiazol-4-yl)glycylamido]-3-(l-methyl-lH~ 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylate. 

NMR(ppm, lOCMHz, D 2 0): 3.94(3H,S,N— CH 3 ), 
6.74(lH,S,thiazole ring proton). 

IR(KBr, cm" 1 ): 1760 (p-lactam). 

UV(H 2 0, mm): 260(cephem) 

EXAMPLE 48 

(1) To a suspension of 6.25 g of phosphorus pentachloride 
in 45 ml of anhydrous methylene chloride cooled at -10° C, 
is added 20 ml of anhydrous methylene chloride solution 
containing 2.4 g of pyridine and the mixed solution is stirred 
for 30 minutes. To the solution is dropwise added a solution 
of 9.3 g of 7p-(2-thienylacetamido)-3-(l-methyl-lH-tetra- 
zol-5-ylthiomethyl)-3-cephem-4-carboxylic acid benzhy- 
dryl ester in 30 ml of anhydrous methylene chloride during 
30 minutes under stirring and keeping at -20° C. — 10° C. 
The mixture is further stirred for 2 hours at the same 
temperature and then cooled to -30° C. — 20° C. followed by 
adding dropwise 56 ml of methanol. Thus obtained solution 
is stirred for 30 minutes, keeping the temperature of the 
solution between -5° C. and 5° C., and 60 ml of water is 
added dropwise thereto, followed by further stirring for 30 
minutes. Methylene chloride layer is washed with saturated 
aq. NaCl solution and concentrated. To the concentrate is 
added a mixture of water and ethyl acetate under stirring to 
give 4.746 g of 7-amino-3-(l-methyl-lH-tetrazol-5-ylthi- 
omethyl)- 3-cephen-4-carboxylic acid benzhydryl ester as a 
crystal. Yield 64.0%. 

(2) To a suspension of 2.05 g of a-ethoxyimino-a-(2- 
(chloroacetamido)thiazol-4-yl acetic acid in 50 ml of meth- 
ylene chloride is added 1.50 g of phosphorus pentachloride 
under cooling. The mixture is stirred for 2 hours at room 
temperature and subjected to the distillation of methylene 
chloride. The reside is dissolved in 20 ml of tetrahydrofuran. 
The tetrahydrofuran solution is dropwise added while stir- 
ring to a solution of 2.92 g of 7-amino-3-(l-methyl-lH- 
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tetxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid ben- 
zhydryl ester dissolved in 50 ml of absolute methylene 
chloride, followed by the addition of 2.87 g of pyridine 
under ice-cooling. After the addition has been completed 
and the temperature of the reaction solution becomes the 5 
same as the room temperature, the solution is stirred for 2 
hours and then concentrated. The residue is dissolved in a 
mixture of 100 ml of ethyl acetate and a little amount of 
tetrahydrofuran. Thus obtained solution is washed with 
dilute hydroxychloric acid, sodium bicarbonate aq. solution 10 
and water in this order, dried over anhydrous magnesium 
sulfate and concentrated. The concentrate is purified by 
means of a column of silica gel. The fractions eluted with the 
mixture of ethyl acetate and chloroform (1:1) are concen- 
trated to obtain 2.36 g of 7p-{a-ethoxyimino-(2-(chloroac- 15 
etamido)thiazol-4-yl)acetarnido}-3-( 1 -methyl- lH-tetrazol- 
5-ylthiomethyl)-3-cephem-4-carboxylic acid benzhydryl 
ester. Yield 50%. 

NMR(ppm, 60MHz, CDC1 3 ): 1 .34(3H,t,CH 3 CH 2 — ), 
3.68 (2H, broad S,2-CH 2 ), 3.80(3H,S,N—CH 3 ), 4.26(2H, 20 
C1CH 2 C0), 5.04(lH,d,6-H), 5.92(lH,q,7— H), 6.94(1H,S, 
— CHPh 2 ), 7.20-7.60(10H, m,Ph 2 ), 7.90(lH,S,thiazole ring 
proton), 8.45QH,d,7~NH). 

EXAMPLE 49 

To a solution of 2.2 g of 7P-{a-ethoxyimino-(2-(chloro- 
acetamido)thiazol-4-yl } acetamido-3 -( 1 -methyl- 1 H-tetra- 
zol-5-ylthiomethyl)-3-cephem-4-carboxylic acid benhydryl 
ester in 20 ml of tetrahydrofuran is added a solution of 550 30 
mg of thiourea in 20 ml of ethanol, followed by addition of 
50 mg of triethylbenzylammonium bromide. The mixture is 
stirred for 20 hours at room temperature and concentrated. 
The residue is dissolved in a mixture of ethyl acetate and 
tetrahydrofuran and the solution was washed with aq. 35 
sodium bicarbonate solution and then water, followed by 
drying over anhydrous magnesium sulfate. The dried solu- 
tion is subjected to distillation of the solvent to give powder 
which is washed with chloroform and ether and dried. The 
procedure yields 1.047 g of 7p-[a-ethoxyimino-(2-ami- 40 
nothiazol-4-yl)acetamido]-3-(l-methyl-lH-tetrazol-5-ylthi- 
omethyl)~3~cephem-4-carboxylic acid benzhydryl ester. 
Yield 52.9%. 

NMR(ppm, 60MHz, CDCl 3 +d 6 -DMSO(3:l)): 1.38(3H,t, 
CH 3 CH 2 — ), 3.78(2H,broad S, 2— CH 2 ), 3.90(3H,S,N— 45 
CH 3 ), 4.30(2H, broad S, 3— CH 2 ), 4.38(2H,q,CH 3 CH 2 ), 
5.14QH,d,6— H), 6.00(lH,d,7--H), 6.88(lH,S,CHPh 2 ), 
7.20-7.60(10H,m,Ph 2 ), 7.48(lH,S,thiazole ring proton). 

EXAMPLE 50 

To a solution of 750 mg of 7P-[a-ethoxyimino-(2-ami- 
nothiazol-4-yl)acetamido]-3-(l-methyl-lH-tetrazol-5-ylthi- 
omethyl)-3-cephem-4-carboxylic acid benzhydryl ester in 
10 ml of 90% formic acid is added 654 mg of zinc dust, 55 
cooling to -10° C. After the mixture is stirred for 20 minutes 
at -10° C. and further for 10 minutes at room temperature, 
the insoluble materials is filtered off. The filtrate is neutral- 
ized with aq. sodium bicarbonate solution and extracted with 
ethyl acetate. The ethyl acetate layer is washed with water 60 
and dried over anhydrous magnesium sulfate, after which 
time the solvent is distilled off to give 465 mg of foamy 
materials. All of the foamy materials are dissolved in a 
mixture of 2 ml of trifluoroacetic acid and 0.5 ml of anisole, 
stirred for 30 minutes under ice-cooling and then for 5 65 
minutes at room temperature. Thus obtained solution is 
concentrated, and to the residue is poured ether to precipitate 
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a solid. The solid is washed twice with ether and dried to 
obtain 320 mg of solid product. This solid product is 
dissolved in an excess amount of aq. sodium bicarbonate 
solution and purified with a column of Amberlite XAD-2. 
The fractions eluted with water is lyophilized to obtain 
sodium 7P-[(2-aminothiazol-4-yl)-glycylamino]-3-(l-me- 
thyl-lH-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylate. 
This product is identical with the compound obtained in 
Example 47 in all respects. 

EXAMPLE 51 

To a solution of 18.7 g of ethyl a-ethyoxyimino«|3- 
oxobutyrate in 100 ml of chloroform gradually is dropwise 
added a solution of 15.9 g of bromine in 20 ml of chloroform 
under ice-cooling. The solution is stirred for 30 minutes at 
the same temperature and further for 1.5 hours at room 
temperature. The reaction mixture is washed with water, aq. 
sodium bicarbonate solution and then water in this order, 
followed by drying over anhydrous magnesium sulfate. The 
dried solution is subjected to the evaporation of the solvent, 
and to the residue is added 250 ml of ethanol and 15.2 g of 
thiourea. Thus mixture is refluxed for 2 hours and cooled, 
followed by the distillation of the solvent under reduced 
pressure. To the residue is added 250 ml of water to 
precipitate a solid which is collected by means of filtration 
and washed with water and dried. The procedure gives 17.9 
g of ethyl a-ethoxyimino-2-arninothiazol-4-ylacetate hydro- 
bromide. Yield 55%. 

Analysis— Calcd. for C 9 H 14 N 3 3 SBr: C, 33.34; H, 4.35; 
N, 12.96 Found C, 32.52; H, 3.98; N, 12.92 

NMR(ppm, 100MHz, d 6 -DMSO): 1.30 and 1.32 (6H, two 
t, CH 3 CH 2 ), 4.28 and 4.37 (4H, two q, CH 3 CH 2 ), 7.63 
(1H,S, thiazole ring proton), 9.12(2H, Broad S, NH 2 ) 

EXAMPLE 52 

To a solution of 2.43 g of ethyl a-ethoxyimino-2-arni- 
nothiazol-4-ylacetate hydrobromide in 25 ml of anhydrous 
N,N-dimethylacetamide is added 1.43 g of chloroacetyl 
chloride under cooling and stirring. The solution is stirred 
for 30 minutes under ice-cooling and then for 30 minutes at 
room temperature. To the reaction mixture is added 150 ml 
of ethyl acetate and the mixture is repeatedly washed with 
saturated sq. NaCl solution. The ethyl acetate layer is dried 
over anhydrous magnesium sulfate, and subjected to the 
distillation of the solvent under reduced pressure. To the 
residue is added water to precipitate solid material. The solid 
is collected by filtration and dried. The procedure gives 1.90 
g of ethyl a-ethoxyimino-2-(chloroacetamino)thiazol-4- 
ylacetate. Yield 79%. 

NMR(ppm, 100MHz, d 6 -DMSO): 1.24 and 1.27 (6H, two 
t, CH 3 CH 2 ), 4.22(4H, two q, CH 3 CH 2 ), 4.30(2H,S, 
C1CH 2 C0), 7.99 (1H,S, thiazole ring proton). 

EXAMPLE 53 

1.06 g of ethyl a-ethoxyimino-2-(chloroacetylamino)- 
thiazol-4-ylacetate is suspended in a solution of 0.94 g of 
potassium hydroxide in a mixture of 40 ml of ethanol and 2 
ml of water and the suspension is stirred at room temperature 
to make it to be a solution, followed by further stirring for 
45 minutes at room temperature. The reaction solution is 
subjected to the distillation of ethanol under reduced pres- 
sure and the residue is adjusted to pH 2.0 with IN hydro- 
chloric acid under ice-cooling, to precipitate crystals. The 
crystals are filtered, washed with water and dried. The 
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procedure yields 0.88 g of a-ethoxyirmno-2-(chloroacety- 
lamino)thiazol-4-ylacetic acid. Yield 91%. 

Analysis— Calcd. for C 9 H 10 N 3 4 SC1: C, 37.05; H, 3.45; 
N, 14.41. Found: C, 37.17; H, 3.44; N, 14.09 

NMR(ppm, 100MHz, d 6 -DMSO): 1.28(3H,t,CH 3 CH 2 ), 
4.22(2H,q, CH 3 CH 2 ), 4.32(2H,S,C1CH 2 C0), 8.00(1H,S, 
thiazole ring proton). 

EXAMPLE 54 



10 



(1) To a solution of 5.03 g of N-(p,p,p-trichloroethoxy- 
carbonyl)thiourea and 5.32 g of ethyl a-ethoxyamino-p- 
oxo-y-bromobutyrate in 50 ml of ethanol is added 3.03 g of 
N,N-dimethylaniline and the mixture is heated for 2 hours in 
water bath of 80° C. The reaction solution is subjected to the 15 
distillation of ethanol and the residue is dissolved in ethyl 
acetate. The ethyl acetate solution is washed with dilute 
hydrochloric acid and then water, and dried, followed by the 
distillation of the solvent to give 7.85 g of ethyl ot-(2-p,p, 
p-trichloroethoxycarbonylaminothiazol-4-yl)-a-ethoxyimi- 20 
noacetate as an oil. 

(2) To a solution of 2.00 g of ethyl cc-(2-P,p,p-trichloro- 
ethoxycarbonylaminothiazol-4-yl)-a-ethoxyiminoacetate in 
40 ml of methanol is added 20 ml of IN sodium hydroxide. 
The solution is stirred for 2 hours at 50° C. and concentrated. 25 
To the concentrate is added 50 ml of water and thus obtained 
solution is washed twice with ethyl acetate. Aqueous layer 

is adjusted to pH 2.0 with 3N hydrochloric acid to separate 
white solid. The white solid is filtered, washed with water 
and dried to give 1.40 g of a-ethoxyimino-2-(p,p,p-trichlo- 30 
roethoxycarbonylamino)thiazol-4-ylacetic acid. Yield 
74.9%. Analysis— Calcd. forC 10 H 10 N 3 O 5 SCl 3 : C, 30.75; H, 
2.58; N, 10.76 Found C, 30.87; H, 2.41; N, 10.66 

NMR(ppm, 60MHz, d 6 -DMSO): 1.13(3H,t,CH 3 CH 2 ), 
4.06(2H,q, CH 3 CH 2 ), 4.90(2H,S,Cl 3 CCH 2 O), 7.40(1H,S, 35 
thiazole ring proton). 

EXAMPLE 55 

To a suspension of 6.0 g of 7a-methoxy-7p-arnino-3- 40 
desacetoxycephalosporanic acid t-butyl ester in 180 ml of 
N,N-dimethylacetamide is added under stirring 8.25 g of 
powdered 2-(p,p,p-tricMoroemoxycarbonylamino)thiazol- 
4-yl-a-hydroxyacetic acid cyclic carboxyanhydride and 
then further stirred for one hour. The reaction mixture is 45 
shaken well with 500 ml of ethyl acetate and the organic 
layer is washed with water, 5% sodium bicarbonate aq. 
solution and saturated aq. NaCl solution in this order, 
followed by drying over anhydrous magnesium sulfate. The 
ethyl acetate layer is subjected to the distillation of ethyl 59 
acetate to give 10.2 g of crude 7a-methoxy-7P-[2-(p,p,p- 
trichloroethoxycarbonylamino)thiazol-4-yl-a-hydroxyac- 
etamido]-3-desacetoxycephalosporanic acid t-butyl ester as 
an oil. To a solution of this oily product in 400 ml of 90% 
formic acid is added 10 g of zinc dust under cooling and 55 
stirring and the mixture is reacted for 2 hours. After 
insoluble materials are filtered off, the filtrate is added to 200 
ml of saturated NaCl aq. solution, and the resultant solution 
is extracted with ethyl acetate. The ethyl acetate layer is 
washed with water and dried, followed by the distillation of go 
ethyl acetate to obtain 5.3 g of crude 7cc-methoxy-7p-[(2- 
aminothiazol-4-yl)-a-hydroxyacetamido]-3-desacetox- 
ycephalosporanic acid t-butyl ester as an oil. 

This oily product is added to a mixture of 25 ml of 
trifluoroacetic acid and 25 ml of anisole under ice-cooling, 65 
and the mixture is stirred for 30 minutes under the same 
condition. To the reaction mixture is poured 200 ml of 



absolute ether, and resulting precipitates are collected by 
means of filtration. The precipitates are dissolved in 30 ml 
of 5% sodium bicarbonate aq. solution, and thus obtained 
solution is passed through a column of Amberlite XAD-2, 
followed by elution with water. The procedure yields 525 
mg. of sodium 7a-methoxy-7P-[(2-aminothiazol-4-yl)-a- 
hydroxyacetamido]-3-desacetoxycephalosporanate as a 
powder. 

Analysis— Calcd. for C 14 H 15 6 N 4 S 2 Na-2H 2 0: C, 36.67; 
H, 4.17; N, 12.22 Found C, 36.23; H, 4.38; N, 11.97 

NMR(ppm, 100MHz, CF 3 COOD): 2.15(3H,S,3— CH 3 ), 
3.45(3H,S, 7-OCH 3 ), 6.25(lH,S,thiazole ring proton). 

EXAMPLE 56 

To a solution of 27.3 g of ethyl a-methoxyimino-p- 
oxobutyrate in 120 ml of chloroform is dropwise added a 
solution of 25.3 g of bromine in 30 ml of chloroform over 
a period of 30 minutes. The solution is stirred for 1 hour at 
room temperature, and washed with dilute sodium bicarbon- 
ate aq. solution and water and dried. The dried solution is 
subjected to the distillation of the solvent to give an oily 
crude product of ethyl a-methoxyimino-p-oxo-y-bromobu- 
tyrate. The crude product is dissolved in 250 ml of ethanol 
and 24 g of thiourea is added thereto, followed by refluxing 
for 3 hours. After cooling, the precipitates are collected by 
filtration, washed with ethanol and then suspended in 300 ml 
of a mixture of ethyl acetate and tetrahydrofuran (1:1). To 
the suspension is added to 200 ml of 10% sodium bicar- 
bonate aq. solution and the mixture is thoroughly shaken. 
The organic layer is dried and subjected to the distillation of 
the solvent to give crystal, followed by washing with ether. 
The procedure gives 16.86 g of ethyl a-methoxyimino-cc- 
(2-aminothiazol-4-yl)acetate. Melting point: 112°-113° C. 

Analysis— Calcd. for C g H u N 3 3 S: C, 41.91; H, 4.84 
Found: C, 41.20; H, 4.70 

NMR(ppm, 60MHz, CDC1 3 ): 4.04(3H,S, OCH 3 ), 
7.44(1H,S, thiazole ring proton). 

EXAMPLE 57 

To a solution of 10 g of ethyl a-methoxyimino~a~(2~ 
aminothiazol-4-yl)acetate in 100 ml of dimethylacetamide is 
dropwise added 5.91 g of chloroacetyl chloride under ice- 
cooling. After the stirring for 1 hour at room temperature, the 
reaction mixture is poured into ice-water and the resultant 
solution is extracted with ethyl acetate. The organic layer is 
washed and dried, followed by the distillation of solvent to 
give 12.66 g of ethyl a-methoxyimino-oc-[2-(chloroaceta- 
mido)thiazol-4-yl] acetate is a crystal. 

Melting point: 81°-82° C. 

Analysis— Calcd. for C 10 H 12 N 3 4 SC1: C, 39.29; H, 3.96 
Found: C, 38.74; H, 3.58 

NMR(ppm, 60MHz, CDC1 3 ); 4. 1 0(3H,S,OCH 3 ), 
4.24(2H,S,C1CH 2 C0— ) 7.94(1H,S, thiazole ring proton). 

EXAMPLE 58 

12.66 g of ethyl a-methyloxyimino-a-[2-(chloroacetami- 
do)thiazol-4-yl] acetate is added to a solution of 11.74 g of 
potassium hydroxide in a mixture of 25 ml of water and 500 
ml of ethanol. After stirring for 20 minutes at room tem- 
perature, the reaction solution is subjected to the distillation 
of ethanol under reduced pressure. The residue is added to 
water, and the resultant solution is made acidic with addition 
of N-hydrochloric acid, followed by separating the insoluble 
materials by filtration. The procedure yields 10.54 g of 
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a-methoxyimino-a-[2-(chloroacetamido)thiazol-4-yl]ac- 
etate. Melting point: 182°-183° C. 

Analysis— Calcd. for C 8 H 8 N 3 4 SC1: C, 34.60; H, 2.90; 
N, 15.13 Found: C, 34.53; H, 3.00; N, 14.80 

NMR(ppm, 60MHz, d 6 -DMSO): 4.00(3H,S,OCH 3 ), 
4.38(2H,S, C1CH 2 C0), 8.00(1H,S, thiazole ring proton). 

EXAMPLE 59 

To a suspension of 555.4 mg of a-methoxyimino-a-[2- 
(chloroacetamido)thiazol-4-yl]acetic acid in 5 ml of meth- 
ylene chloride is added 416.3 mg of phosphorus pentachlo- 
ride under ice-cooling. The resultant solution is stirred for 30 
minutes, and n-hexane is added thereto to precipitate 620 mg 
of a-methoxyimino-a-[2-(chloroacetamido)thiazol-4-yl] 
acetyl chloride hydrochloric acid salt. 

Analysis— Calcd. for C g H 7 N 3 3 SCl 2 «HCl: C, 28.89; H, 
2.42; N, 12.63 Found: C, 28.35; H, 2.81; N, 12.00 

5.26 g of the above-mentioned salt is added under ice- 
cooling to a solution of 2.66 g of pyridine and 4 g of 
7-aminocephalosporanic acid t-butyl ester in 60 ml of meth- 
ylene chloride. After the stirring for 1 hour at room tem- 
perature, 60 ml of chloroform is added to the reaction 
mixture and the resultant solution is washed twice with 0.5N 
hydrochloric acid and then with water. After drying, the 
solution is subjected to the distillation to obtain 5 g of white 
powder of 7p-{a-methoxyimino-a-[2-(chloroacetamido)t- 
hiazol-4-yl]acetamido}-cephalosporanic acid t-butyl ester. 
Melting point: 126°-127° C. 

Analysis— Calcd. for C 22 H 26 N 5 O s S 3 Cl: C, 44.93; H, 
4.46; N, 11.91 Found: C, 44.74; H, 4.64; N, 11.61 

NMR(ppm, 60 MHz, CDC1 3 ): 1.50(90H,S, t-C 4 H 9 ), 
2.10(3H,S, CH 3 CO), 4.10(3H,S,OCH 3 ), 4.28(2H,S, 
ClCH 2 CO), 7.84 (1H,S, thiazole ring proton). 

EXAMPLE 60 

5 g of 7|5-{a-methoxyimino-a-[2-(chloroacetamido)thia- 
zol-4-yl]acetamido}cephalosporanic acid t-butyl ester 
obtained in Example 59, 970.5 mg of thiourea and 250 mg. 
of triethylbenzylammonium bromide are dissolved in a 
mixture of 25 ml of ethanol and 500 ml of tetrahydrofuran. 
The solution is stirred at room temperature through a night. 
The reaction mixture is poured into 100 ml of 10% sodium 
bicarbonate aq. solution and extracted with ethyl acetate. 
The ethyl acetate layer is separated and concentrated. The 
oily concentrate is subjected to column chromatography 
packed with silica gel to obtain 2.23 g of 7p-[a-methoxy- 

innno-a-(2-aminothiazol-4-yl)acetamido]cephalosporanic 
acid t-butyl ester as a powder. 

NMR(ppm, 60MHz, CDC1 3 ): 1.54(9H,S,t— C 4 H 9 ), 
2.08(3H,S, CH 3 CO), 4.12(3H,S,OCH 3 ), 7.45(lH,S,thiazole 
ring proton). 

This powder is dissolved in a mixture of 1.6 ml of anisole 
and 16 ml of trifluoroacetic acid and the solution is stirred 
for 2 hours at room temperature, followed by the addition of 
200 ml of a mixture of ether and hexane (10: 1) to precipitate 
7P-[a-methyoxyimino-a-(2-aminothiazol-4-yl)acetamido] 
cephalosporanic acid trifluoroacetic acid salt which is col- 
lected by filtration and washed with ether. 

Yield 1.45 g. 

NMR(ppm, 60 MHz, CF 3 COOH): 1.85(3H,S,CH 3 CO), 
4.00(3H,S, OCH3), 7.74(lH,s,thiazole ring proton). 

EXAMPLE 61 

A solution of 450 mg of 7p-[a-methoxyimino-cc-(2-ami- 
nothiazol-4-yl)acetamido]cephalosporanic acid trifluoroace- 
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tic acid salt and 170 mg of sodium bicarbonate in 5 ml of 
water is passed through a column of Amberlite XAD-2 and 
eluted with water. The procedure yields 141 mg of sodium 
7P-[a-methoxyimino-a-(2-aminothiazol-4-yl)acetamido]- 
cephalosporanate. Melting point: 162°-163° C. (dec). 

Analysis— Calcd. for C 16 H 16 N 5 7 S 2 Na-2H 2 0: C, 37.43; 
H, 3.93; N, 13.64 Found: C, 37.10; H, 4.13; N, 13.34 

NMR(ppm, 100MHz, D 2 0): 2.17(3H,S, CH 3 CO), 
4.13(3H,S, OCH 3 ), 7.58(lH,S,thiazole ring proton). 

EXAMPLE 62 

7P-[a-methoxyimino-a-(2-aminothiazol-4~yl)acetamido] 
-cephalosporanic acid trifluoroacetic acid salt is dissolved in 
a solution of 272 mg of l-methyl-5-mercapto-lH-tetrazole, 
555 mg. of sodium bicarbonate and 68 mg of triethylben- 
zylammonium bromide in 10 ml of water. The solution is 
heated at 60° C. in nitrogen atmosphere for 6 hours. After 
cooling, the reaction solution is passed through a column of 
Amberlite XAD-2 and eluted with water and then with 2.5% 
ethanol. The procedure yields sodium 7p-[a-methoxyimino- 
a-(2-aminothiazol-4-yl)acetamodo]-3-(l -methyl- lH-tetra- 
zol-5-ylthiomethyl)-3-cephem-4-carboxylate. Melting 

point: 174°-175° C. (dec). 

Analysis^Calcd. for C 16 H 16 N 9 5 S 3 Na-2H 2 0: C, 33.74; 
H, 3.54; N, 22.13 Found: C, 34.25; H, 3.81; N, 21.69 

NMR(ppm, 100MHz, D 2 0): 4.10(3H,S,N— CH 3 ), 
4.14(3H,S,OCH 3 ), 7.58(lH,S,thiazole ring proton). 

The above-mentioned procedure gives a small amount of 
sodium 7p-[a-methoxyimino-a-(2-aminothiazol-4-yl)aceta- 
modo]-3-desacetylcephalosporanate as a by-product. 

Melting point: 195°-196° C. (dec). 

Analysis— Calcd. for C 14 H 14 N 5 6 S 2 Na.3H 2 0: C, 34.35; 
H, 4.11; N, 14.30 Found: C, 34.43; H, 4.13; N, 13.14 

NMR(ppm, 60MHz, D 2 0): 4.04(3H,S, OCH 3 ), 7.46(1H, 
S,thiazole ring proton), 3.52(2H,q,2— CH 2 ). 



EXAMPLE 63 

To a suspension of 3.4 g of 7-amino-3-(l-methyl-lH- 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid in 25 
ml of dimethylacetamide is added 2.0 g of a-methoxyimino- 
a-[2-(chloroacetamido)thiazol-4-yl]acetyl chloride hydro- 
chloric acid salt under stirring. After the further stirring for 
12 hours at room temperature, the reaction mixture is poured 
into water and extracted with ethyl acetate. The ethyl acetate 
extract is washed with water and dried and subjected to the 
distillation of the solvent. To the residue is added ethyl 
acetate and insoluble materials are filtered off. The filtrate is 
contentrated under reduced pressure to obtain crude product 
1.114 g of 7P-{a-methoxyimino-a-[2-(chloroacetamido)t- 
hiazol-4-yl]acetamido}-3-(l-methyl-lH-tetrazol-5-ylthiom- 
ethyl)-3-cephem-4-carboxylic acid as an oil. The oily prod- 
uct is dissolved in 20 ml of a mixture of ethanol and 
tetrahydrofuran (1:1) and to the solution is added 430 mg of 
thiourea, followed by stirring for 15 hours at room tempera- 
ture. The reaction solution is concentrated to dryness under 
reduced pressure and to the residue is added 10 ml of water, 
followed by stirring to precipitate insoluble materials. The 
insoluble materials is collected by filtration and dissolved in 
10% sodium bicarbonate aq. solution. The solution is passed 
through a column of Amberlite XAD-2, and eluted with 
water and then with 2.5 ethanol to obtain sodium 7P-[a- 
methoxyimino-a-(2-aminothiazol-4-yl)acetamido]-3-(l- 
methyl- 1 H-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxy- 
late. This product is identical with the compound obtained in 
Example 62 in all respects. 
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EXAMPLE 64 



A solution of 10.45 g of a-ethoxyimino-a-[2-(trichloro- 
ethoxycarbonylamino)thiazol-4-yl]acetic acid ethyl ester in 
a mixture of 10% hydrochloric acid and ethanol is catalytic- - 
hydrogenated over 8.0 g of 5% palladium on charcoal at 
room temperature under atomospheric pressure. After the 
absorption of two equivalents of hydrogen, the catalyst in 
the reaction mixture is filtered off and the filtrate is concen- 
trated to dryness under reduced pressure. By the procedure, 1Q 
7.43 g of a-amino-a-[2-(trichloroethoxycarbonylami- 
no)thiazol-4-yl]-acetic acid ethyl ester hydrochloric acid salt 
is obtained (yield, 72%). This product is suspended in ethyl 
acetate and the obtained suspension is washed with saturated 
sodium bicarbonate aq. solution, washed with water and 15 
dried over anhydrous magnesium sulfate. The oily products 
obtained by the distillation of the solvent, is dissolved in 60 
ml of N,N-dimethylformamide and, to the solution is added 
4.2 g of tetramethylguanidine and then 3.94 g of t-butyloxy- 
carbonylazide, followed by the stirring for 15 hours at room 20 
temperature. The reaction mixture is poured into water and 
extracted with ethyl acetate. The organic layer is washed 
with IN hydrochloric acid and then saturated NaCl aq. 
solution and dried over anhydrous magnesium sulfate. The 
oily product obtained by the distillation of the solvent is 25 
purified by a column chromatography packed with silica gel. 
The procedure gives 4.06 g of a-t-butyloxycarbonylamino- 
a-[2-(trichloroethoxycarbonylamino)thiazol-4-yl]acetic 
acid ethyl ester (yield, 46.5%). Melting point: 94°-95° C. 

Analysis— Calcd. for C 15 H 20 N 3 O 6 SCl 3 : C, 37.79; H, 30 
4.23; N, 8.81 Found: C, 37.64; H, 4.28; N, 8.73 
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To a solution of 2.80 g of a-t-butyloxycarbonylamino-cc 
[2-(trichloroethoxycarbonylamino)thiazol-4-yl]acetic acid 
ethyl ester in 60 ml of 90% formic acid is added 2.80 g of 
zinc dust under cooling and stirring. The mixture is stirred 
for 1 hour and zinc dust is filtered off. The filtrate is poured 
into water and the resultant solution is extracted with ethyl 
acetate. The organic layer is washed with saturated sodium 
bicarbonate aq. solution and then water, and dried over 
anhydrous magnesium sulfate. The distillation of the solvent 
gives 1.26 g (yield, 71.2%) of a-t-butyloxycarbonylamino- 
a-(2-aminothiazol-4-yl)acetic acid ethyl ester as crystals. 

Melting point: 143°-144° C. 

Analysis— Calcd. for C 12 H 19 N 3 4 S: C, 47.83; H, 6.35; 
N, 13.95 Found: C, 47.79; H, 6.27; N, 13.70 

50 

EXAMPLE 66 

To a solution of 1 .26 g of a-t-butyloxycarbonylarnino-ct- 
(2-aminothiazol-4-yl)acetic acid ethyl ester in 5 ml of N,N- 
dimethylacetamide is added 708 mg of chloroacetyl chloride 
under stirring. After the stirring for further 1 hour at room 
temperature, the reaction solution is poured into water and 
extracted with ethyl acetate. The organic layer is washed 
with saturated sodium bicarbonate aq. solution and then 6Q 
water and dried over anhydrous magnesium sulfate. The 
distillation of the solvent gives 1.435 g of a-t-butyloxycar- 
bonylamino-a-[2-(chloroacetamido)thiazol-4-yl]acetic acid 
ethyl ester as crystals (yield, 90.8%). 

Melting point: 192°-193° C. 65 

Analysis— Calcd. for C 14 H 20 C1N 3 5 S: C, 44.50; H, 5.34; 
N, 11.12 Found: C, 44.87; H, 5.55; N, 10.94 
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To a solution of 920 mg of a-t-butyloxycarbonylamino- 
a-[2-(chloroacetamido)thiazol-4-yl]acetic acid ethyl ester in 
20 ml of ethanol is added 1.4 ml of aqueous solution 
containing 68 1 mg of potassium hydroxide and the mixture 
is stirred for 15 minutes at room temperature. The reaction 
solution is concentrated to dryness under reduced pressure 
and the residue is dissolved in water. The aqueous solution 
is adjusted to pH 2.0 with IN hydrochloric acid and 
extracted with ethyl acetate. The organic layer is washed 
with water and dried over anhydrous magnesium sulfate. 
The solvent is distilled to obtain 690 mg of a-t-butyloxy- 
carbonylamino-a-[2-(chloroacetamino)thiazol- 4-yl]acetic 
acid as crystals (yield, 81%). 

Melting point: 169M70 C. (dec). 

Analysis— Calcd. for C 12 H 16 C1N 3 5 S: C, 41.21; H, 4.61; 
N, 12.01 Found: C, 41.40; H, 4.68; N, 11.74 

EXAMPLE 68 

To a suspension of 349 mg of a-t-butyloxycarbony- 
lamino-a-[2-(chloroacetamido)thiazol-4-yl]acetic acid in 5 
ml of methylene chloride is added 249 mg of phosphorous 
pentachloride, and the mixture is stirred at room tempera- 
ture. The mixture is added dropwise under stirring to the 
solution of 494 mg of 7p-amino-3-(l~methyl-lH-tetrazol-5- 
ylthiomethyl)-3-cephem-4-carboxylic acid diphenylmethyl 
ester dissolved in 5 ml of methylene chloride, followed by 
the addition of 474 mg of pyridine. After that, the stirring is 
continued for further 1 hour at room temperature. The 
reaction solution is washed with 0.5N hydrochloric acid and 
then with water, and dried. The oily product obtained by the 
distillation of the solvent is purified by a column chroma- 
tography packed with silica gel. The procedure gives 513 mg 
of 7p-{a-t-butyloxycarbonylamino-a-[2-(chloroacetami- 
do)thiazol-4-yl]acetamido}-3-( 1 -methyl- lH-tetrazol-5- 
ylthiomethyl)-3-cephem-4-carboxylic acid diphenylmethyl 
ester. 

To a solution of 407 mg of this product in 40 ml of a 
mixture of tetrahydrofuran and ethanol (1:1) is added 152 
mg of thiourea, and the mixture is stirred for 15 hours under 
reduced pressure and the presidue is dissolved in ethyl 
acetate. The ethyl acetate solution is washed with water and 
then dried. The oily product obtained by the distillation of 
the solvent is dissolved in 5 ml of a mixture of trifluoroacetic 
acid and anisole (10: 1), and the solution is stirred for 2 hours 
at room temperature, followed by pouring into 50 ml of ether 
to precipitate a crystalline product. The crystalline product is 
collected by filtration to give 7p-[(2-aminothiazol-4-yl)gly- 
cylamino]-3-( 1 -methyl- 1 H-tetrazol-5-ylthiomethyl)-3- 
cephem-4-carboxylic acid trifluoroacetic acid salt. This 
product is dissolved in 5% sodium bicarbonate aq. solution 
and the solution is passed through a column of Amberlite 
XAD-2, followed by the elution with water. The procedure 
gives 103 mg of sodium 7p-[(2-aminothiazol-4-yl)glycy- 
lamino]-3-(l -methyl- lH-tetrazol-5-ylthiomethyl)-3- 
cephem-4-carboxylate. This product is identical with the 
compound obtained in Example 47 in all respects. 

EXAMPLE 69 

To a solution of 11 g of 2-aminothiazol-4-ylglycine ethyl 
ester in 100 ml of dimethylacetamide is added dropwise 17 
g of chloroacetyl chloride for 40 minutes under ice-cooling 
and the mixture is stirred at room temperature over a night. 
To the reaction mixture is added 200 ml of ice- water and the 
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mixture is extracted with ethyl acetate. The organic layer is 
washed with water, dried and concentrated to obtain 14.8 g 
of 2-chloroacetamidothiazol-4-yl N-chloroacetylglycine 
ethyl ester as colorless crystals. Melting point: 
102.5°-103.5° C. 5 

NMR(ppm, 60MHz, CDC1 3 ): 4.16(2H,S,ClCH 2 CO), 
4.32(2H,S, C1CH 2 C0), 5.74(lH,d, 



-CH-COOH), 
NH 



7.14(1H,S, thiazole ring proton). 



EXAMPLE 70 



-CH-COO), 



NH 



7.40 (lH,S,thiazole ring proton). 



EXAMPLE 71 
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To a solution of 3.54 g of 2-chloroacetamidothiazol-4-yl 
N-chloroacetylglycine ether ester in 30 ml of ethanol is 
added dropwise a solution of 1.68 g of potassium hydroxide 
in 15 ml of water under ice-cooling, followed by the stirring 
for 15 minutes. Ethanol is distilled under reduced pressure 20 
and the residue is made acidic with 10% hydrochloric acid, 
followed by the extraction with ethyl acetate. The ethyl 
acetate layer is washed with water and dried. The distillation 
of ethyl acetate gives 2.38 g of 2-chloroacetamidothiazol- 
4-yl N-chloroacetylglycine as colorless crystals. Melting 
point: 184°-186° C. 5 

NMR(ppm, 60MHz, d 6 -DMSO): 4.36(2H,S,C1CH 2 C0), 
4.58(2H,S, ClCH 2 CO), 5.66QH,d, 
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To a suspension of 752 mg of 2-chloroacetamidothiazol- 
4-yl N-chloroacetylglycine in 10 ml of methylene chloride is 
added 499 mg of phosphorous pentachloride. The mixture is 
homogenized under stirring at room temperature. The 
homogenized mixture is added to a suspension of 600 mg of 40 
7p-amino-3-(l-methyl-lH-tetrazol-5-ylthiomethyl)-3- 
cephem-4-carboxylic acid suspended in 10 ml of dimethy- 
lacetamide and the resultant mixture is stirred for 5 hours at 
room temperature. The reaction mixture is poured into 
ice- water and the mixture is made acidic with 10% hydro- 45 
chloric acid, followed by the extraction with ethyl acetate. 
After washed with water and dried, the extract is subjected 
to distillation to give crude product of 7P-[(2-chloroaceta- 
midothiazol-4-yl)-N-chloroacetylglycylamido]-3-(l-me- 
thyl- 1 H-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic 50 
acid as an oil. The crude product is dissolved in 100 ml of 
ethanol and to the solution is added 456 mg of thiourea, 
followed by stirring for 15 hours at room temperature. 
Ethanol is distilled off under reduced pressure and the 
residue is dissolved in 5% sodium bicarbonate aq. solution, 55 
which is passed through a column of Amberlite XAD-2, 
followed by elution with water to obtain 113 mg of sodium 
7P-[(2-aminothiazol-4-yl)glycylamido]-3-(l-methyl-lH- 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid. This 
product is identical with the compound obtained in Example 
47 in all respects. 

EXAMPLE 72 

(1) In 15 ml of N,N-dimethylacetamide is dissolved 762 
mg of 7-aminocephalosporanic acid and, under ice-cooling, 65 
931 mg of 2-(2-chloroacetamidothiazol-4-yl)-2-methoxy- 
iminoacetyl chloride hydrochloride is added. The mixture is 
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stirred under ice-cooling for 15 minutes and at room tem- 
perature for 2 hours. The reaction mixture is diluted with 10 
ml of water and extracted with 100 ml portions of ethyl 
acetate. The extracts are pooled, washed with 100 ml of a 
saturated aqueous solution of sodium chloride and dried. 
The ethyl acetate is distilled off to obtain 1.4 g of 7-[2- 

(2chloroacetamidothiazol-4-yl)-2-methoxyiminoacetamido] 
-cephalosporanic acid as an oil. 

(2) In 30 ml of tetrahydrofuran is dissolved the entire 
amount of the above product, followed by the addition of 
500 mg of thiourea and, then, of 895 mg of sodium acetate 
trihydrate. The mixture is stirred at room temperature for 4 
hours. The resultant precipitate is collected by filtration, 
washed with ether and dissolved in 6 ml of water. The 
solution is adjusted to pH about 7.0 with sodium hydrogen 
carbonate and purified by means of column chromatography 
on Amberlite XAD-2. By the above procedure is obtained 78 
mg of sodium 7-[2-(2-aminothiazol-4-yl)-2-methoxyimi- 
noacetamidojcephalosporanate as white powder. 

Elemental analysis, for C le H 16 N 5 7 S 2 Na-2.5H 2 Calcd. 
C, 36.78; H, 4.05; N, 13.40 Found C, 36.93; H, 3.80; N, 
12.68 

NMR spectrum (60 MHz, in D 2 0): 2.07 ppm(3H, singlet, 
COCH 3 ), 3.53 ppm(2H, quartet, 2— CH 2 ), 3.98 ppm(3H, 
singlet, =NOCH 3 ), 4.75 ppm(2H, quartet, 3— CH 2 ), 5.21 
ppm(lH, doublet, 6— H), 5.81(1H, doublet, 7— H), 7.01 
ppm(lH, singlet, thiazole 5 — H) 

EXAMPLE 73 

(1) To a suspension of 55.6 g of 2-(2-chloroacetamidot- 
hiazol-4-yl)-2-methoxyiminoacetic acid in 600 ml of meth- 
ylene chloride is added 24.3 g of triethylamine to obtain a 
solution. Under ice-cooling and stirring, 41.8 g of phospho- 
rus pentachloride is added in two doses to the above solu- 
tion. After 5 minutes the ice-bath is removed and the mixture 
is stirred at room temperature for 20 minutes, after which it 
is concentrated under reduced pressure. To the residue is 
added 1 1 of hexane, followed by decantations (twice). After 
addition of 600 ml of anhydrous tetrahydrofuran, the pre- 
cipitated triethylamine hydrochloride is filtered off, where- 
upon a solution of 2-(2-chloroacetamidothiazol-4-yl)-2- 
methoxyimino-acetyl chloride in tetrahydrofuran is 
obtained. 

On the other hand, to a suspension of 54.7 g of 7-amino- 
3»carbamoyloxymethyl-3-cephem-4-carboxylic acid in a 
mixture of 400 ml water and 400 ml tetrahydroturan is added 
61 g of triethylamine under ice-cooling to prepare a homo- 
geneous solution. Under ice-cooling, the previously pre- 
pared acid chloride solution is added dropwise to the above 
solution over a period of 30 minutes. 

The mixture is stirred at room temperature for 2 hours, 
after which a saturated aqueous solution of sodium chloride 
is added. The mixture is adjusted to pH about 2 with dilute 
hydrochloric acid and extracted with ethyl acetate. The ethyl 
acetate layer is washed with a saturated aqueous solution of 
sodium chloride, dried over magnesium sulfate and concen- 
trated to obtain 97.3 g of 7-[2-(2-chloroacetamidothiazol-4- 
yl)-2-methoxyiminoacetamido]-3-carbamoyloxymethyl-3- 
cephem-4-carboxylic acid. 

NMR spectrum (60 MHz, in d 6 -DMSO): 3.56 ppm(2H, 
broad singlet, 2— CH 2 ), 3.93 ppm(3H, singlet, OCH 3 ), 4.35 
ppm (2H, singlet, ClCH 2 CO), 4.78 ppm(2H, quartet, 
3— CH 2 ), 5.19 ppm(lH, doublet, 6— H), 5.84 ppm(lH, 
doublet x2. 7— H), 6.56 ppm(2H, singlet, OCOHN 2 ), 7.46 
ppm(lH, singlet, thiazole 5 — H) 

(2) 97.3 g of the product prepared as above (1) is 
dissolved in 500 ml of N,N-dimethylacetamide and, under 
ice-cooling, to the solution is added 31.2 g of thiourea. The 
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mixture is stirred at room temperature for 15 hours. To this 
reaction mixture is added 2 1 of ether and then, the oily 
product is separated. A suspension of this oily product in 300 
ml of water is adjusted to pH 7.0 with sodium hydrogen 
carbonate. Thus obtained solution is passed through a col- 
umn packed with Amberlite XAD-2. By this purification 
procedure is obtained 20.2 g of sodium 7-[2-(2-aminothia- 
zol-4-yl)-2-methoxyimino-acetamido]-3-carbamoyloxym- 
ethyl-3-cephem-4-carboxylate as white powders. 

Elemental analysis, for C 15 H 15 N 6 7 S 2 Na-3H 2 Calcd. 
C, 33.84; H, 3.98; N, 15.78 Found C; 33.94; H, 3.82; N, 
15.42 

NMR spectrum (60 MHz, in D 2 0): 3.47 ppm(2H, quartet, 
2— CH 2 ), 3.92 ppm(3H, singlet, =NOCH 3 ), 4.68 ppm (2H, 
quartet, —CH 2 0C0HN 2 ), 5.27 ppm(lH, doublet, 6— H), 
5.72 ppm (1H, doublet, 7 — H), 6.95 ppm(lH, singlet, thia- 
zole 5 — H) 

What is claimed is: 

1. A process for preparing a cephem compound of the 
formula: 



H 2 N, 



y 

N - 



R 8 



CCONH 

ii 
NR 5 

O 



R 3 



f 



N 




CH 2 R 4 



COOH 



10 



15 



20 



25 



wherein R 3 is hydrogen or methoxy, R 4 is hydrogen or a 
residue of a nucleophilic compound, R 5 is hydroxyl or a 
protected hydroxyl, and R 8 is hydrogen or a halogen, or a 30 
pharmaceutically acceptable salt or ester thereof, which 
comprises introducing an acyl group of the formula: 



H 2 N 



N - 



R 8 

C— co- 
ll 

NR 5 
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wherein R 5 and R K are as defined above into the amino group 
of the molecule of the formula: 



Filed 01/19/2007 Page 1 1 of 12 



40 



R3 



H 2 N 



O 



N 




CH 2 R 4 



COOH 



wherein R 3 and R 4 are as defined above or a salt or ester 
thereof. 

2. A process of claim 1 wherein R 3 and R 8 are hydrogen. 

3. A process according to claim 1, wherein the introduc- 
tion is performed by reacting a compound of the formula: 

R 3 

H 2 N- 



O 



N 




CH 2 R 4 



COOH 



or a salt or ester thereof, with a compound of the formula: 



R 1 



N - 



R 8 

CCOOH 

II 

NR 5 



wherein R 1 is an amino group, or a salt or reactive derivative 
thereof. 

4. A process of claim 3 wherein the amino group as R 1 is 
amino. 

5. A process of claim 3 wherein the amino group as R 1 is 
protected amino, and subsequent to said introduction the 
protective group is removed. 



* * 
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CERTIFICATE OF CORRECTION 



PATENT NO. : 
DATED 
INVENTOR(S) : 



5,583,216 
December 10, 1996 
OCHIAI et al. 



It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 



Column 3, line 14, "preferred embodiment, the amino 
group" should read --preferred embodiment, the R 1 is amino. 
In a further preferred embodiment, the amino group — ; 

Column 27, line 65, "3.09 g of sodium 11 should read 
--3. 90 g of sodium--; 

Column 29, line 52, "7S- [a-ethoxyimino- " should read 
--7S- [a-ethoxyimino , 



Attest: 



Attesting Officer 



Signed and Sealed this 
Tenth Day of June, 1997 

IQjUCt UJ-4HU 



BRUCE LEHMAN 

Commissioner of Patents and Trademarks 



